DETECTING DEVICE FOR DETECTING THE ROTATION OF 

A MOTOR ROTOR 

TECHNICAL FIELD 

The present invention relates to a detecting device for detecting the rotation of 
a motor rotor, especially a detecting device which can achieve precise detection of 
the rotation of the motor rotor. 

DESCRIPTION OF RELATED ARTS 

Various methods and devices have been employed to detect the rotation of a 
rotor of a motor. In fact, the methods and/or devices which are used for measuring 
or detecting a rotating shaft can also be adopted for detecting the rotor of a motor. 

Traditionally, rotation sensors are adopted for detecting the rotation of a 
rotating shaft as above-mentioned. USP4,030,066 gives a gyro which can be 
installed concentrically around the shaft connected with the steering wheel so that 
the turning angle of the wheel can be judged by detecting the turning angle of the 
shaft. There are also various devices except the gyro mechanism to detect the 
turning angle of a rotating shaft, such as a resonant rotation rate sensor which 
employs a resonant fork structure usually made of alpha quartz as provided in USP 
4,899,587, USP 5,284,059 and USP 5,796,002, etc. 

Capacitive transducers are also widely used to detect the turning angle of a 
rotation shaft, such patents include USP3,732,553, USP4,864,295, USP5,099,386, 
USP5,537,109 and USP6,218,803, etc. A capacitive transducer commonly 
comprises two stationary capacitive plates and a movable plate mounted on a 
rotation shaft so that the movable plate can be driven to rotate by the rotation 
shaft. The movable plate can be conductive or dielectric and is sandwiched 


between the two stationary plates. The capacitance of the transducer is determined 
by the rotation position of the movable plate so that the turning angle of the shaft 
can be detected by measuring the capacitance of the transducer. 

Currently, two methods have been usually applied to detect the rotation of 
the rotor of a motor. One is to apply the magnetic effect related theories and the 
other is to use optics related theories. 

Refer to Fig. 1, a cylindrical magnetic rotor 12 is formed on a motor shaft 10 
and a sensor plate 14 is positioned near the magnetic rotor 12. The magnetic rotor 
12 may include a plurality of magnetic strips 13 which can produce different 
magnetic fields. When the magnetic rotor 12 is rotating with the motor shaft 10 
synchronously, the sensor plate 14 can detect the rotation thereof by reading the 
variations of the magnetic fields of the magnetic strips 13 thereof, thereby sending 
corresponding signals to according means or devices (not shown) for further 
calculation or control operations. 

Fig. 2 gives another similar example. Windings charged with electricity 
according to pre-set requirements are adopted to produce corresponding magnetic 
fields. One rotor winding 22 is formed on a resolver rotor 20 of a motor (not 
shown), and corresponding another winding 23, which is charged with alternating 
current (AC) and is positioned beside the rotor 20. When the rotor winding 22 is 
rotated with the motor synchronously, and the winding 23 is charged with AC in 
the mean time, the rotor winding 22 is thereby caused to produce varying magnetic 
fields thereof, which will cause a winding assembly 25 beside the rotor 20 to 
produce according electricity (it may be AC) carrying information of the rotation 
of the rotor 20, which can be read by some appropriate devices not shown therein. 

Another type of conventional device employs a rotating disc on the center 
shaft of a motor and a permanent magnet fitted around the rotating disc. Thus, the 
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magnet cooperates with a magnetic inductive element to operate together to detect 
the rotating speed of the motor. 

As described in USP 6,657,346, a device comprises a motor and a gear case 
fixed with the motor. A gear is fixed around a shaft of said motor and is engaged 
with one of a plural of gears contained in an interior space of the gear case. The 
plural gears in the gear case are engaged with one another, with one of the gears 
therein connected to a rotating shaft. Two permanent magnets are embedded in 
one of the plural gears in the gear case and a magnetic inductive element is fixed 
on a fundamental plate. The fundamental plate together with a base is secured 
stably in said case body with the magnetic inductive element lying above. The two 
permanent magnets are embedded in one gear of said plural gears in order to 
maintain a fixed distance between the magnetic inductive element and the two 
permanent magnets. A ball effect element is used as the magnetic inductive 
element and activated by a magnetic field of the N pole and S pole of the two 
permanent magnets to operate for detecting the rotating speed of the motor. 

USP 4,626,781 also discloses a device for detecting the speed of rotation 
and/or an angle of rotation of a shaft and having a motion transmitter which 
rotates with the shaft. The device thereof comprises a motion transmitter being a 
magnet, a magnetic-field-dependent sensor receiving signals from the motion 
transmitter, and a permanent magnet arranged in the vicinity of the sensor with an 
evaluating circuit which connects with the sensor. The motion transmitter is in the 
form of a toothed wheel mounted on a shaft to be detected and rotates 
synchronously with the shaft. The sensor is approached to one tooth of the 
transmitter and has a strip core with a coil bonded therearound. The strip core is a 
soft-magnetic alloy and the coil is integrated in the evaluating circuit. The 
permanent magnet is positioned between the tooth and the strip core, and actually 
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the tooth thereof, the permanent magnet and the sensor lie in one plane in the 
radial direction of the transmitter. When the transmitter rotates, the tooth as above 
will move traversely across the magnetic field of the permanent magnet, and since 
the magnetic field of the permanent magnet couples with that of the sensor, a 
current will be caused therefrom and will vary according to the traverse movement 
of the teeth of the transmitter across the magnetic field of the permanent magnet. 

Still another type of rotor identifying sensor is available which adopts a so- 
called rotary encoder method as indicated in USP 6,589,15. The rotor has a rotor 
identification adopter mounted on the bottom of the rotor. The rotor identification 
adopter has holes and flat surface portions as identification marks at equiangular 
arranging positions along a circle on the bottom surface of the rotator 
identification adopter. The centrifugal separator further includes a sensor to 
generate a detection signal indicating the detected holes and flat portions. The 
variation of the detection signal provided with rotation of the rotor represents the 
pattern of the holes. The variation of the detection signal provides the binary code 
signal with reference to a rotary position from a rotary encoder. 

Figs. 3 and 4 show an example using optical related theories for detecting the 
rotation of a motor rotor. A disk 32 is fixed on a motor shaft 30 and can rotate 
with it synchronously. A plurality of slits 33 are formed circumferentially on the 
disk 32 and approach the edge thereof. A collimating slit 34 is formed next to the 
circle of slits 33 for providing a reference mark point thereof. A mask 35 is 
positioned between a light-emitting diode (LED) and the disk 32 and has two slots 
37 thereon for letting light beams from the LED go therethrough as well as a 
collimating slot 38 corresponding to the collimating slit 34 of the disk 32. 
Correspondent phototransistor means 36 is positioned at a side of the disk 32 
opposite to the mask 35 and the LED for reading light beams coming through the 
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according slits 33 of the disk 32. 

The arrangement of the LED, the mask 35 and the disk 32 can render that 
two light beams from the LED are directed to appropriate slits 33 of the disk 32, 
and then pass therethrough so as to reach the phototransistor means 36. When the 
disk 32 is rotated together with the motor shaft 30 to a proper position, which 
makes the collimating slit 34 collimate with the collimating slot 38, the 
phototransistor means 36 can receive a collimated light beam which makes a 
reference mark as a beginning point or an end point thereof. 

Thus, just as shown in Figs. 5 and 6, the two light beams through the slots 37 
of the mask 35 and the slits 33 of the disk 32 don't reach the phototransistor 
means 36 at the same time. Instead, the above arrangement thereof makes one 
beam A lead ahead the other beam B, while the collimation beam I indicates a 
beginning or an end reference of the rotation of the disk 32, i.e. that of the motor 
shaft 30. 

Fig. 5 shows the digital waveform charts of channel A corresponding to the 
beam A, channel B corresponding to the beam B, and channel I corresponding to 
the collimation beam I. The phase difference between the waveform of channel A 
and the waveform of channel B is 90°. Two half-waves of the channel A or the 

channel B make a complete wave of the channel I. 

Also as shown in Fig. 6 in the mean time, the waveforms of the channel A, 
the channel B and the channel I are respectively consisted of series of wave crests 
and troughs which stand for high voltage levels and low voltage levels 
respectively. Thus, the signal message carried by the channel A, B and/or I can be 
expressed and transferred in binary codes such as "101010...". The SI, S2, S3 and 
S4 are corresponding to a wave phase of 90° respectively as in Fig. 5, and all of 
them can consist of an entire wave phase, that is, 360°. 


Although the rotary encoder method allows a relatively accurate detection of 
the rotation of the motor, space and cost for the rotary encoder constructed by the 
rotation slit disk, the phototransistors, etc. are inevitably increased. 

USP 4,644,157 provides an optical rotation detecting apparatus for a 
brushless direct current (DC) motor detects rotation information of the shaft 
thereof. A plurality slits are arranged at equal pitches along the circumference of a 
rotary disk. A photoelectric conversion element is arranged circumferetially at a 
pitch which is an integral multiple of the slit pitch and includes a first set of 
photoelectric conversion element pieces arranged alternately with the former, 
thereby generating a first rotation information signal which has a 90-degree phase 
difference with the first and second rotation information signal. The phases of the 
first and second rotation information signals are compared with each other to 
detect the direction of rotation of the shaft. The photoelectric conversion element 
includes an amorphous silicon photoelectric conversion element. 

However, whether the detecting devices using magnetic effects or those using 
the optic related theories as above discussed, both have to add extra elements such 
as the magnetic rotor, windings, and the disk with slits thereon, which will 
inevitably demand additional spaces within the very limited inner space of a motor 
device thereby resulting in a bulky volume of the motor device. 

Moreover, the above-discussed prior arts generally could not offer a very 
precise detections or measurements of the rotation of a motor rotor. Otherwise, the 
corresponding detecting devices have to be designed and manufactured very 
complicated thereby increasing costs thereof adversely. 

SUMMARY OF THE INVENTION 

A main object of the present invention is to provide a new detecting device 


6 


for detecting the rotation of a motor rotor which can achieve precise detection of 
the rotation of the motor rotor. 

A second object of the present invention is to provide a detecting device for 
detecting the rotation of a motor rotor which do not need to use additional 
independent element by forming an identification mark means on an integral part 
of the motor rotor, such as a cylindrical shoulder, thereby being able to achieve a 
compact structure thereof and reducing costs thereof. 

In order to achieve the objects set forth, a detecting device in accordance 
with the present invention for detecting the rotation of a motor rotor includes a 
light source, an identification mark means positioned around the motor rotor, and a 
sensor for detecting the light beams emitted by the light source and coming from 
the identification mark means. 

The light source is positioned beside the identification mark means and the 
rotor. The sensor is positioned at the same side of the rotor as the light source for 
receiving the light beams reflected by the identification mark means. The 
identification mark means can be positioned on a cylindrical shoulder formed 
around the rotor thereby rotating with the motor rotor synchronously. 

Furthermore, the light source can emit light beams at two different 
wavelengths, and the sensor can thus receive and read the light beams with the two 
different wavelengths respectively reflected from the identification mark means 
thereby producing according binary code signals carrying more detailed 
information thereof, whereby the detecting device can achieve very precise 
detection of the rotation of the motor rotor. The light source may be a pumped 
solid state laser. 

The identification means may be circumferentially mounted around the outer 
surface of the cylindrical shoulder axially and may also be positioned on one end 
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face of the cylindrical shoulder in a direction perpendicular to the motor rotor. 

The identification mark means may include a plurality of slots formed on the 
outer surface of the cylindrical shoulder. The slots are arranged in a way that the 
distances traveled by first light beams emitted by the light source, which reach and 
are reflected by the bottoms of the slots, are different from the distances traveled 
by second light beams emitted by the light source, which reach and are reflected 
by separating portions between adjacent slots which are protuberant compared 
with the slots. 

The traveling distance distinction between an according first reflected light 
beam and an according second reflected light beam can be a predetermined 
multiple of the wavelength of the light beams by the light source. 

The arrangement of the slots and the separating portions therebetween can 
ensure that the different traveling distances of the according first reflected light 
beams and the according second reflected light beams can vary consecutively, so 
that the sensor can produce corresponding consecutive binary code signals, which 
carry information for calculating and judging the rotation of the motor rotor, by 
reading the first reflected light beams and the second reflected beams. 

Further, the arrangement of the slots and the separating portions 
therebetween can ensure that the different traveling distances of the according first 
reflected light beams and the according second reflected light beams can vary 
alternately and consecutively, so that the sensor can produce corresponding 
alternative and consecutive binary code signals, which carry information for 
calculating and judging the rotation of the motor rotor, by reading the first 
reflected light beams and the second reflected beams. 

Moreover, the arrangement of the slots and the separating portions 
therebetween can ensure that the sensor can produce corresponding alternate and 


consecutive binary code signals according to predetermined rules thereof, which 
carry information for calculating and judging the rotation of the motor rotor, by 
reading the first reflected light beams and the second reflected beams. 

The identification mark means may include a plurality of convex portions 
formed on the outer surface of the cylindrical shoulder. The convex portions are 
arranged in a way that the distances traveled by first light beams emitted by the 
light source, which reach and are reflected by the convex portions, are different 
from the distances traveled by second light beams emitted by the light source, 
which reach and are reflected by separating portions between adjacent convex 
portions which are lower compared with the convex portions. 

The traveling distance distinction between an according first reflected light 
beam and an according second reflected light beam can be a predetermined 
multiple of the wavelength of the light beams by the light source. 

The arrangement of the convex portions and the separating portions 
therebetween can ensure that the different traveling distances of the according first 
reflected light beams and the according second reflected light beams can vary 
consecutively, so that the sensor can produce corresponding consecutive binary 
code signals, which carry information for calculating and judging the rotation of 
the motor rotor, by reading the first reflected light beams and the second reflected 
beams. 

Further, the arrangement of the convex portions and the separating portions 
therebetween can ensure that the different traveling distances of the according first 
reflected light beams and the according second reflected light beams can vary 
alternately and consecutively, so that the sensor can produce corresponding 
alternate and consecutive binary code signals, which carry information for 
calculating and judging the rotation of the motor rotor, by reading the first 


reflected light beams and the second reflected beams. 

Moreover, the arrangement of the convex portions and the separating 
portions therebetween can ensure that the sensor can produce corresponding 
alternate and consecutive binary code signals according to predetermined rules, 
which carry information for calculating and judging the rotation of the motor 
rotor, by reading the first reflected light beams and the second reflected beams. 

The identification mark means can be a colored means. 

The colored means can be consisted of a series of consecutive colored 
portions whose color varies from light to dark, or can be consisted of consecutive 
colored portions which vary in the aspects of hues, values and/or chromas thereof. 
The colored means can also be consisted of consecutive colored portions whose 
colors are different from each other. 

The arrangement of the colored means can ensure that the sensor can detect 
the rotation of the motor rotor by reading the changes of the light beams firstly 
emitted by the light source and then reflected respectively by corresponding 
adjacent colored portions of the colored means. The colored portions thereof are 
arranged so that the reflectivity thereof can vary according to the requirements of 
the sensor. The colored portions thereof are arranged so that the wavelengths of 
the reflected light beams by adjacent colored portions can vary according to the 
requirements of the sensor. 

The identification mark means may include a calibration means as a 
reference mark thereof in the mean time, which is arranged among the 
identification mark means. 

The calibration means can be a calibration slot whose depth is different from 
the above-mentioned slots of the identification mark means so that the sensor can 
detect it by reading the unique distance which the reflected light beam reflected by 
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the bottom of the calibration slot travels to reach the sensor. 

The calibration means can also be a calibration convex portion so that the 
sensor can detect it by reading the unique distance which the reflected light beam 
reflected by the calibration convex portion travels to reach the sensor. The 
calibration means still can be a calibration portion with a unique color so that the 
sensor can detect it by comparing the reflected light beam reflected by the 
calibration portion and other reflected light beams by the slots and the separating 
portions therebetween in the aspects of reflectivity or wavelength thereof. 

Other objects, advantages and novel features of the invention will become 
more apparent from the following detailed description when taken in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an exploded sketch view illustrating the principle of a first prior art; 
Fig. 2 is a sketch view illustrating the principle of a second prior art; 
Fig. 3 is an exploded view of a third prior art; 

Fig. 4 is an exploded sketch view illustrating the principle of the third prior 

art; 

Fig. 5 is a sketch chart illustrating the output waveforms of the third prior 

art; 

Fig. 6 is a sketch diagram illustrating the output waveforms of the third prior 

art; 

Fig. 7 is a sketch view which is observed from an end face of an 
identification mark means of a first embodiment in accordance with the present 
invention; 

Fig. 8 is a sketch view which is observed from an end face of an 


identification mark means of a second embodiment in accordance with the present 
invention; 

Fig. 9 is a sketch view which is observed from an end face of an 
identification mark means of a third embodiment in accordance with the present 
invention; 

Fig. 10 is a sketch view which is observed from an end face of an 
identification mark means of a fourth embodiment in accordance with the present 
invention; 

Fig. 1 1 is a sketch view which is observed from an end face of an 
identification mark means of a fifth embodiment in accordance with the present 
invention; 

Fig. 12 is a sketch view which is observed from an end face of an 
identification mark means of a six embodiment in accordance with the present 
invention; 

Fig. 13 is a sketch view which is observed from an end face of an 
identification mark means of a seventh embodiment in accordance with the present 
invention; 

Fig. 14 is a sketch view which is observed from an end face of an 
identification mark means of an eighth embodiment in accordance with the present 
invention; 

Fig. 15 is a sketch view which is observed from an end face of an 
identification mark means of a ninth embodiment in accordance with the present 
invention; 

Fig. 16 is a sketch view which is observed from an end face of an 
identification mark means of a tenth embodiment in accordance with the present 
invention; 


Fig. 17 is a sketch view which is observed from an end face of an 
identification mark means of an eleventh embodiment in accordance with the 
present invention; 

Fig. 1 8 is a sketch view which is observed from an end face of an 
identification mark means of a twelfth embodiment in accordance with the present 
invention; 

Fig. 19 is a sketch view which is observed from an end face of an 
identification mark means of a thirteenth embodiment in accordance with the 
present invention; 

Fig. 20 is a sketch view which is observed from an end face of an 
identification mark means of a fourteenth embodiment in accordance with the 
present invention; 

Fig. 21 is a sketch view which is observed from an end face of an 
identification mark means of a fifteenth embodiment in accordance with the 
present invention; 

Fig. 22 is a sketch view which is observed from an end face of an 
identification mark means of a sixteenth embodiment in accordance with the 
present invention; 

Fig. 23 is a perspective view of the first embodiment in accordance with the 
present invention; 

Fig. 24 is a perspective view of the second embodiment in accordance with 
the present invention; 

Fig. 25 is a perspective view of the third embodiment in accordance with the 
present invention; 

Fig. 26 is a perspective view of the fourth embodiment in accordance with 
the present invention; and 
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Fig. 27 is a perspective view of the fourteenth embodiment in accordance 
with the present invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT 

Referring to Figs. 7-27, a detecting device 5 in accordance with the present 
invention for detecting the rotation of a motor rotor 4 includes a light source 7, an 
identification mark means 6 positioned around the motor rotor 4, and a sensor 8 
for detecting the light beams emitted by the light source 7 and coming from the 
identification mark means 6. 

The light source 7 is positioned beside the identification mark means 6 and 
the rotor 4. The sensor 8 is positioned at the same side of the rotor 4 as the light 
source 7 for receiving the light beams reflected by the identification mark means 
6. The identification mark means 6 can be positioned on a cylindrical shoulder 42 
formed around the rotor 4 thereby rotating with the motor rotor 4 synchronously. 

Furthermore, the light source 7, such as a LD-pumped solid state laser T as 
shown in Figs. 20, 21, 23 and 27, can emit light beams at two different 
wavelengths, and the sensor 8' as exampled in these Figures can thus receive and 
read the light beams with the two different wavelengths respectively reflected 
from the identification mark means 6 thereby producing according binary code 
signals carrying more detailed information thereof, whereby the detecting device 5 
can achieve very precise detection of the rotation of the motor rotor 4. 

The identification mark means 6 may be circumferentially mounted around 
the outer surface of the cylindrical shoulder 42 axially and may also be positioned 
on one end face of the cylindrical shoulder 42 in a direction perpendicular to the 
motor rotor 4. 
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Referring to Fig. 7, a first embodiment in accordance with the present 
invention is shown. The identification mark means 6 of the first embodiment may 
include a plurality of slots 610 formed on the outer surface of the cylindrical 
shoulder 42 of the motor rotor 4. 

The slots 610 are arranged in a way that the distances traveled by first light 
beams emitted by the light source 7 with reference to Fig. 23 in the mean time, 
which reach and are reflected by the bottoms of the slots 610, are different from 
the distances traveled by second light beams emitted by the light source 7, which 
reach and are reflected by separating portions (not labeled) between adjacent slots 
610 which are protuberant compared with the slots 610. 

The traveling distance distinction between an according first reflected light 
beam and an according second reflected light beam can be a predetermined 
multiple of the wavelength of the light beams by the light source. The multiple can 
be predetermined according to the actual requirements of the sensor 8 in different 
circumstances thereof. 

The arrangement of the slots 610 and the separating portions therebetween 
can ensure that the different traveling distances of the according first reflected 
light beams and the according second reflected light beams can vary 
consecutively, so that the sensor 8 can produce corresponding consecutive binary 
code signals like "1 1 1000...", which carry information for calculating and judging 
the rotation of the motor rotor, by reading the first reflected light beams and the 
second reflected beams. 

Furthermore, the arrangement of the slots and the separating portions 
therebetween should ensure that the different traveling distances of the according 
first reflected light beams and the according second reflected light beams can vary 
alternately and consecutively, so that the sensor can produce corresponding 
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alternative and consecutive binary code signals such as "010101 . . .", which carry 
information for calculating and judging the rotation of the motor rotor, by reading 
the first reflected light beams and the second reflected beams. 

On the other hand, the arrangement of the slots 610 and the separating 
portions therebetween should also be able to ensure that the sensor 8 can produce 
corresponding alternate and consecutive binary code signals "101 10001 101 ..." 
according to predetermined rules thereof, which carry information for calculating 
and judging the rotation of the motor rotor, by reading the first reflected light 
beams and the second reflected beams. 

Figs. 8 and 24 show a second embodiment of the present invention. The 
identification mark means 6 of the detecting device 5 may include a plurality of 
convex portions 612 formed on the outer surface of the cylindrical shoulder 42. 

The convex portions 612 are arranged in a way that the distances traveled by 
first light beams emitted by the light source, which reach and are reflected by the 
convex portions 612, are different from the distances traveled by second light 
beams emitted by the light source 7, which reach and are reflected by separating 
portions (not labeled) between adjacent convex portions 612, which are lower 
compared with the convex portions 612. 

The traveling distance distinction between an according first reflected light 
beam and an according second reflected light beam can be a predetermined 
multiple of the wavelength of the light beams by the light source 7, which is 
substantially the same with that of the first embodiment. 

The arrangement of the convex portions 612 and the separating portions 
therebetween should satisfy substantially the same requirements or rules as those 
of the first embodiment as discussed above. Hence, detailed descriptions are 
omitted herewith. 


The identification mark means 6 also can be a colored means 620 as shown 
in Figs. 9 and 10 respectively. 

In a third embodiment in accordance with the present invention as shown in 
Figs. 9 and 25, the colored means 620 can be consisted of a series of consecutive 
colored portions 622 whose color varies from light to dark. The specific color of 
the colored portions 622 may be green or yellow, or other appropriate color as 
desired. 

The arrangement of the colored means 620 should ensure that the sensor 8 
can detect the rotation of the motor rotor 4 by reading the changes of the light 
beams firstly emitted by the light source 7 and then reflected respectively by 
corresponding adjacent colored portions 622 of the colored means 620. 

For example, the colored portions 622 thereof are arranged so that the 
reflectivity thereof can vary according to the requirements of the sensor 8. The 
colored portions 622 can alternatively be arranged so that the wavelengths of the 
reflected light beams by adjacent colored portions 622 can vary according to the 
requirements of the sensor 8. 

The colored means 620 can be consisted of consecutive colored portions 625 
whose colors are different from each other as shown in a fourth embodiment 
thereof in Figs. 10 and 26. 

The arrangement of the colored means 620 here in the fourth embodiment is 
substantially the same with that of the third embodiment thereby omitting 
according details herewith. 

Fig. 1 1 shows a fifth embodiment of the present invention. The identification 
means 6 is arranged in a combination of slots 630, convex portions 632 and 
separation portions 635 therebetween. 

Essentially, the arrangement of the identification means 6 in this fifth 


17 


embodiment is very similar to that of the first and second embodiments as clarified 
above. The traveling distance distinction between an according first reflected light 
beam by the slots 630, an according second reflected light beam by the convex 
portions 632, and an according third reflected light beam by the separating 
portions 635 can be a predetermined multiple of the wavelength of the light beams 
by the light source respectively. The multiple can be predetermined according to 
the actual requirements of the sensor 8 in different circumstances thereof. 

The arrangement of the slots 630, convex portions 632 and the separating 
portions 635 can ensure that the different traveling distances of the according first 
reflected light beams, the according second reflected light beams and the 
according third reflected light beams can vary consecutively, so that the sensor 8 
can produce corresponding consecutive binary code signals like "1 1 100010. . .", 
which carry information for calculating and judging the rotation of the motor 
rotor, by reading the first reflected light beams and the second reflected beams. 

Furthermore, the arrangement of the slots 630, the convex portions 632 and 
the separating portions 635 should ensure that the different traveling distances of 
the according first reflected light beams, the according second reflected light 
beams and the according third reflected light beams can vary alternately and 
consecutively as predetermined, so that the sensor can produce corresponding 
alternative and consecutive binary code signals such as "010101 .. .", which carry 
information for calculating and judging the rotation of the motor rotor 4, by 
reading the first reflected light beams and the second reflected beams. 

The identification mark means 6, as in the sixth, seventh, eighth and ninth 
embodiments respectively in Figs. 12, 13, 14 and 15, includes a calibration means 
65 as a reference mark thereof. 

In the sixth embodiment, the identification mark means 6 includes the 
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calibration means 65 and a plurality of slots 610 circumferentially formed on the 
outer surface of the cylindrical shoulder 42 of the motor rotor 4. 

The calibration means 65 is arranged among the slots 610. 

The calibration means 65 can be a calibration slot whose depth is different 
from the slots 610 so that the sensor 8 can detect it by reading the unique distance 
which the reflected light beam reflected by the bottom of the calibration slot 
travels to reach the sensor. 

The calibration means 65 can be a calibration convex portion so that the 
sensor 8 can detect it by reading the unique distance which the reflected light 
beam reflected by the calibration convex portion travels to reach the sensor 8. 

The calibration means 65 can be a calibration portion with a unique color so 
that the sensor 8 can detect it by comparing the reflected light beam reflected by 
the calibration portion and other reflected light beams by the slots 610 and the 
separating portions therebetween in the aspects of reflectivity or wavelength 
thereof. 

The arrangement of the slots 610 should satisfy substantially the same 
requirements as explained above in the first embodiment and other former 
embodiments. 

In the seventh embodiment as in Fig. 13, the identification mark means 6 
includes a calibration means 65 as a reference mark thereof and a plurality of 
convex portions 612 circumferentially formed on the outer surface of the 
cylindrical shoulder 42 of the motor rotor 4. 

The calibration means 65 is arranged among the convex portions 612. Other 
requirements regarding the calibration means 65 and the arrangement of the 
convex portions are essentially the same with the seventh embodiment and the 
former embodiments thereof. 


In the eighth and ninth embodiments as shown in Figs. 14 and 15, the 
identification mark means 6 has a circumferential colored means 620 and a 
calibration means 65 as a reference mark thereof. 

In the eighth embodiment as in Fig. 14, the colored means 620 can be 
consisted of a series of consecutive colored portions 622 whose color varies from 
light to dark. The arrangement of the colored means 620 is substantially the same 
with that of the third embodiment in Fig. 9. The calibration means is arranged 
among the colored portions 622 of the colored means 620. Other relative 
requirements regarding the calibration means 65 please refer to the pertinent 
content of the correspondent former embodiments. 

As to the ninth embodiment as in Fig. 15, the colored means 620 is consisted 
of consecutive colored portions which vary in the aspects of hues, values and/or 
chromas thereof. Other arrangements thereof are substantially the same with the 
eighth embodiment. 

In another tenth to thirteenth embodiments as shown in Figs. 16 to 19, the 
identification mark means 6 is made of some proper partially transparent materials. 
The sensor 8 is thus positioned in an interior space of the motor rotor 4. 

The tenth, eleventh, twelfth and thirteenth embodiments are generally the 
same with the first, second, third and fourth embodiments respectively, except that 
the identification mark means 6 is partially transparent and the sensor is positioned 
in the interior space of the motor rotor 4. Hence, the sensor 8 reads the changes of 
the light beams which come through the partially transparent identification mark 
means 6. The changes may be the intensity changes or wavelength changes. For 
the latter, the identification mark means 6 may absorb certain light beams with one 
or more specific wavelength, or cause the light beams to occur some other kind of 
changes after passing therethrough. 


Zo 


In the fourteenth, fifteenth and sixteenth embodiments as shown in Figs. 20, 
21 and 22, the light source T can emit two light beams with different wavelengths. 
The sensor 8' can thus receive and read the two light beams with different 
wavelengths respectively reflected from the identification mark means 6 as in the 
fourteenth and fifteenth embodiments shown in Figs. 20 and 21, thereby producing 
according binary code signals carrying more detailed information thereof. Hence, 
the detecting device 5 can achieve very precise detection of the rotation of the 
motor rotor 4. The light source 7' of these embodiments may be a laser diode, 
particularly a pumped solid state laser. 

Also refer to Fig. 27, the design of the fourteen embodiment is very similar 
to the fourth embodiment except that it uses the light source 7' which can emit two 
light beams with different wavelengths, and the sensor 8' is able to detect the 
changes of the two light beams with different wavelengths after they pass through 
the identification mark means 6. Hence, other necessary and possible arrangement 
of the detecting device 5 in this embodiment can refer to the previous fourth 
embodiment. 

The main difference between the fifteenth embodiment in Fig. 21 and the 
fourteenth embodiment in Fig. 20 is that a calibration means 65 is arranged among 
the identification means 6. And, the arrangement of the calibration means 65 can 
refer to pertinent contents of the previous embodiments as disclosed above. 

What the sixteenth embodiment as shown in Fig. 22 is different from the 
fourteenth and fifteenth embodiments, mainly lies in that the identification means 
6 is partially transparent as substantially the same with that of the above thirteenth 
embodiment. 

A Charge-Coupled Device (CCD) or a Complementary Metal Oxide 
Semiconductor (CMOS) can also be used to implement the present invention. 


As well known, an additional light source is not very necessary to the CCD 
or CMOS device for catching the image of an aimed object. Ambient light is 
enough for it to get and identify images of a specific object. 

Hence, a CCD or CMOS device may used to detect the changes of the light 
beams reflected by the identification mark means 6 in accordance with the present 
invention when the identification mark means 6 is rotating with the rotor 4 
synchronously. So, a CCD or CMOS device can act as the sensor 8 of the present 
invention and the light source 7. The CCD or CMOS device can be positioned 
beside the rotor 4. 

The shield for enclosing the rotor 4 may have some openings thereon so that 
the interior thereof may have enough light for the CCD or CMOS to get and 
identify the identification means 6, thereby detecting the rotation of the 
identification mark means 6 and the rotor 4. Or, if the interior ambient light is 
enough, even the openings are not necessary to be formed on the shield of the 
rotor 4. Therefore, the CCD or CMOS may be applied to the above-discussed 
embodiments by simply replacing the sensor 8, or the sensor 8 and the light source 
7. 

Further, in theory, other available photographic devices may also be applied 
to replace the sensor 8, or the sensor 9 and the light source 7 of the present 
invention just as the above-mentioned CCD or CMOS device in similar way. 

Optionally, the sensor 8 and the light source 7, or the CCD or CMOS device, 
may be positioned on the rotor 4 while the identification mark means 6 can then be 
positioned beside the rotor 4. Thus, the light beams are firstly emitted by the light 
source 7 to the identification mark means 6 and then come back from the 
identification mark means 6 to the sensor 8. 

As the light source 7 and the sensor 8 is synchronously rotated with the rotor 
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4 while the identification mark means 6 remains relatively stationary, the sensor 8 
can then detect the changes of the light beams coming from the identification mark 
means 6 since the identification mark means 6 are essentially the same with the 
above discussed whereby additional descriptions thereof are omitted herewith. 
Similarly, other conditions of this case are also substantially the same with the 
above embodiments in accordance with the present invention and therefore are 
omitted herewith. 

On the other hand, since the CCD or CMOS device 8 can directly detect the 
images of the identification means 6, the identification means may thus comprise a 
series of identification portions (such as colored portions, slots, or convex portions 
and so on) which are arranged randomly instead of being pre-arranged according 
to the requirements of the proper interior circuits of the CCD or CMOS device. 

Before the detecting device is used, the sensor 8 (CCD or CMOS device, 
etc.) should firstly detect the whole image of the identification means 6 so as to set 
up a comparative model. For example, the identification means 6 may be made to 
rotate circumferentially in front of the sensor 8, so that the sensor 8 can detect a 
whole image of the identification means 6. When in use, the sensor 8 can thus take 
the detected whole image as a comparative model for calculating the 
corresponding rotating angles of the identification means 6 by detecting changes 
of the light beams coming from the identification means 6. 

It is to be understood, however, that even though numerous characteristics 
and advantages of the present invention have been set forth in the foregoing 
description, together with details of the structure and function of the invention, the 
disclosure is illustrative only, and changes may be made in detail, especially in 
matters of shape, size, and arrangement of parts within the principles of the 
invention to the full extent indicated by the broad general meaning of the terms in 
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which the appended claims are expressed. 
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